and mouse knockout models 3, 4 of the enzyme monoamine oxidase A (MAOA) suggest that MAOA activity affects the expression of aggressive behavior. Human studies have yielded apparently contradictory results, with some reporting an inverse relationship between MAOA activity and aggression 1 and others a direct relationship 2 . MAOA expression has a direct regulatory impact on the serotonin (5-HT), norepinephrine (NE) and dopamine (DA) systems, each of which has been implicated in the etiology of childhood disruptive behavior disorders. It is plausible that polymorphic variants within the MAOA system regulate the expression of childhood-onset aggressive behavior. We therefore examined the relationship between functional polymorphisms in the MAOA VNTR promoter region and persistent, pervasive childhood-onset aggression (COA).
Our clinical sample consisted of 50 psychiatrically referred male children (mean age of 9.5; SD 2.5). COA was operationalized as clinical scores (above the 90th percentile) on the Aggression subscales of both the parent-reported Child Behavior Checklist (mean t-score 80.57710.46) and the teacher-reported Teacher Report Form (mean t-score 78.37710.43), and a 2-year parent-reported history of aggressive behavior. Children with chronic medical illness, neurological disorder, developmental delay or pervasive developmental disorder were excluded from the sample. Ethnically matched male adults with no history of psychiatric illness served as non-aggressive controls.
The primer and protocol used to identify the 30-bp repeat polymorphism in the promoter region of the MAOA gene was adopted from Deckert et al. 5 A single-nucleotide polymorphism on the MAOA gene (Exon 8 SNP at codon 297) was genotyped using an ABI 7000 automated 7000 PCR machine. Statistical analyses were performed using two-tailed w 2 tests or Fisher's exact tests where appropriate, correcting for Type II error using the Bonferroni procedure. Differences in genotype were considered significant when Pp0.025.
All clinical subjects carried the three-or four-(30 bp) repeat alleles. Control subjects carrying the 3.5 and five repeats were excluded from the sample due to their low frequency. In all, 28% (n ¼ 14) of clinical subjects and 52% (n ¼ 26) of the controls had the three-repeat allele; 72% (n ¼ 36) of clinical subjects A total of 80% of subjects in our ethnically matched clinical and control samples were Caucasian, while the remaining 20% were African-American. The MAOA allele frequencies in our Caucasian controls were not significantly different from the Caucasian frequencies reported by Sabol et al. 6 Our African American sample was too small to evaluate the differences.
Persistently and pervasively aggressive children were significantly more likely to carry the four-repeat high transcription allele than adult normal controls. This finding is consistent with Manuck's report on dispositional aggressiveness among adults. 2 Since the four-repeat is also preferentially transmitted to children with ADHD, 7 high MAOA transcription may be associated with persistent and pervasive disruptive childhood disorders more broadly defined. Increased transcription of the MAOA gene may influence early behavior by means of its consistent degradative impact on 5-HT and, possibly, NE and DA.
We note that Caspi et al 1 have reported that the low transcription allele of the MAOA VNTR is associated with adolescent conduct disorder (CD) and adult conviction for a violent crime among subjects with a history of maltreatment. We suggest several explanations for the discrepancy between our finding and theirs. First, it is possible that a nearby marker, and not the VNTR itself, is associated with the aggressive phenotype. Second, CD/adult crime and persistent childhood aggression may represent qualitatively different psychiatric phenomena, and consequently be associated with different genotypes. Although existing evidence points to continuities between COA and adolescent CD, many adolescents with CD do not have a long-term history of COA. Third, the Caspi finding emerged on the basis of an interaction between childhood maltreatment and the VNTR polymorphism. There is no evidence that children in our study were maltreated, and our finding may reflect an interaction with yet another genetic or environmental risk factor.
A limitation of our study is that the control group consisted of adults who reported retrospectively on their psychiatric history. It is possible that some control subjects exhibited aggressive behavior as children. However, since the clinical group had a minimum 2-year history of extreme (above the 90th percentile) aggressive behavior, it is unlikely that many adult controls exhibited this phenotype. Contamination of the control sample would minimize, not amplify, differences in allele frequency between clinical subjects and controls.
Chronically and pervasively aggressive children were significantly more likely to carry the four-repeat allele than adult normal controls. Summarizing across studies, it appears that the promoter region of the MAOA gene is associated with high aggression; however, it is unclear whether the VNTR itself or another nearby DNA variant is functionally responsible for the manifestation of aggression. Further investigation of the relation between the high MAOA transcription allele and persistent pervasive childhood-onset aggressive behavior is warranted. SIR -The addictions are complex diseases whose onset, persistence, and treatment are influenced by interactions between genetic, environmental, and pharmacological factors. 1 A study of 3372 twin pairs found that genetic, shared environmental, and nonshared environmental factors similarly influence the development of drug abuse and dependence. 2 The authors also found that 54% of the total and 38% of the unique variance in heroin abuse were attributable to genetic factors.
